We studied the process γγ → tc+ct in a R p violating supersymmetric Model with the effects from both B-and L-violating interactions. The calculation shows that it is possible to detect a R p violating signal at the Next Linear Collider. Information about the B-violating interaction in this model could be obtained under very clean background, if we take the present upper bounds for the parameters in the supersymmetric / R p interactions. Even if we can not detect a signal of / R p in the experiment, we may get more stringent constraints on the heavy-flavor / R p couplings.
I. Introduction
The minimal supersymmetric model (MSSM) [1] is one of the most interesting extensions of the Standard Model (SM). It is considered as the most favorable model beyond SM.
Thus it is interesting to confirm whether R-parity(R p ), a discrete multiplicative symmetry, is conserved in the supersymmetric extension of the SM. Because of the lack of credible theoretical arguments and experimental tests for R p conservation, we can say that the R p violation (/ R p )would be equally well motivated in the supersymmetric extension of the SM.
Even if we do not find a direct signal of MSSM, it would be a significant result to obtain a signal on R p violation, which has recently motivated some investigations [2] [3] [4] because of experimentally observed discrepancies.
In the last few years, many efforts were made to find / R p interactions in experiments.
Unfortunately, up to now we have only some upper limits on / R p parameters, such as B-violating / R p parameters (λ ′′ ) and L-violating / R p parameters(λ and λ ′ ) [4] [5] [6] (The parameters will be defined clearly in the following sector). Therefore, trying to find the signal of R p violation or getting more stringent constraints on the parameters in future experiments, is a promising task. The popular way to find a R p violation signal is to detect the decay of the lightest supersymmetric particle(LSP) [4] [6] [7] .
Recently S. Bar-Shalom et.al studiedν → γγ in hadron and photon collisions [8] , they present a possible way to detect the / R p parameters λ ′ . In another work [9] , they considered the decays t → cν andν → tc, in which there is supersymmetric particle number violation. There is another way to consider indirect effects of supersymmetric With the advent of new collider techniques, we can produce highly coherent laser beams being back-scattered with high luminosity and efficiency at the e + e − colliders [11] . The γγ collisions give us a very clean environment to study the tc(or ct) production. Effects of L-violating parameters in the e + e − collisions have been studied [4] [6] [8] , but only little attention was paid to B-violating parameters [12] . The process considered here, can give us a chance to detect B − violating parameters λ ′′ in a very clean environment. We can also get information on the parameter λ ′ from the process, especially for heavy flavors, which are only weakly constrained by present data.
Even without R p violation, there are flavor-changing mechanisms [13] [16] in the MSSM, e.g.squarks mixing. Therefore, R p violation in γγ → tc + ct can only be established if it exceeds the value of these other mechanisms. Fortunately, in most models with universal SUSY breaking, those contributions are small(for details see ref. [17] ). Hence we shall assume that they are suppressed throughout our paper.
In this work we concentrate on the process e + e − → γγ → tc + ct in the R-parity violating supersymmetric theory. In section 2, we give the supersymmetric / R p interactions.
In section 3 we give the analytical calculations of γγ → tc + ct. In section 4 the numerical results of the process e + e − → γγ → tc + ct are presented. The conclusion is given in section 5 and some details of the expressions are listed in the appendix.
II. R-parity violation(/ R p ) in MSSM
All renormalizable supersymmetric / R p interactions can be introduced in the superpotential [4] : We ignored the last term in Eq(2.1) because its effects are rather small in our process [4] [14] .
So we have 9 λ-type, 27 λ ′ -type and 9 λ ′′ -type independent parameters left. The Lagrangian density of / R p is given as follows: (to lowest order of λ)
The proton lifetime suppresses the possibility of both B-violation and L-violation, leading to the constraints: [4] |
wherem is the mass of superpartner. Therefore, we consider the contributions from L λ ′ / Rp and L λ ′′ / Rp separately. Although the individual parameters λ, λ ′ and λ ′′ should be typically less than 10 −1 − 10 −2 (m 100GeV ) 2 [6] , we can expect the parameters involving heavy flavors to be much larger in analogy with the Yukawa couplings in the MSSM [4] . Since the constraints on such parameters from present experimental data are rather weak, testing / R p at high energy is still very important.
III. Calculations
In the following calculations we assume the parameters λ ′ and λ ′′ to be real. One-loop corrections (as shown in Fig.1 
can be split into the following components:
where δM s , δM v and δM b are the one-loop amplitudes corresponding to the self-energy, vertex, and box correction diagrams respectively. We find that amplitudes are proportional We define the Mandelstam variables as usual
The tc + ct productions via γγ fusion obtains contributions only from one-loop Feynman diagrams at the lowest order. Since the proper vertex counterterm should cancel with the counterterms of the external legs diagrams in this case, we do not need to deal with the ultraviolet divergence. Thus we simply sum over all (unrenormalized) reducible and irreducible diagrams and the result is finite and gauge invariant. In the Appendix we will
give the details of the amplitudes. Similarly, we can get the amplitude for subprocess γγ → ct. Collecting all terms in Eq.(3.1), we obtain the total cross section for the subprocess
factor N c = 3 and the bar over summation means averaging over initial spins. In order to get the observable results in the measurements of tc +tc production via γγ fusion in e + e − collider, we need to fold the cross section of γγ → tc + ct with the photon luminosity, 
The energy spectrum of the back-scattered photon is given by [11] .
(3.8)
taking the parameters of Ref. [15] , we have ξ = 4.8, x max = 0.83 and D(ξ) = 1.8.
IV. Numerical results
In the numerical calculations we assume mq = ml and consider the effects from L λ ′ / Rp and L λ ′′ / Rp separately. Ref. [4] . We take again ml = mq = 100 GeV for solid line and ml = mq = 150 GeV for dashed line, respectively. The cross section is much smaller than that of Fig.2 . That looks reasonable because the upper limits of λ ′ from present data are much smaller than those of λ ′′ . The cross section can be only about 0.017 f b when √ s = 500GeV , that means we can get only 1 event per year at the NLC with integrated luminosity 50 f b −1 . Thus it will be difficult to find the signal of λ ′ from the process which we discussed.
In order to give more stringent constraints of λ ′′ in future experiments, we draw the cross section at 
IV. Conclusion
We studied both the subprocess γγ → tc + ct and process e + e − → γγ → tc + ct in 
A. Loop integrals:
We adopt the definitions of two-, three-, four-point one-loop Passarino-Veltman integral functions of reference [18] [19] . The integral functions are defined as follows:
1. The two-point integrals are:
The function B µ should be proportional to p µ :
Similarly we get:
µ is the scale parameter.
2. Three-point integrals:
, (A.a.4)
We can change it to form-factors as follows:
(k µ g νρ + k ν g µρ + k ρ g µν )C36 (A.a.5)
3. The four-point integrals:
, (A.a.6)
Similarly we get form-factors of D functions: where
The numerical calculation of the vector and tensor loop integral functions can be traced back to the four scalar loop integrals A 0 , B 0 , C 0 and D 0 in Ref. [18] [19] and the references therein.
B. Self-energy part of the amplitude.
The amplitude of self-energy diagrams δM s (Fig.1.(a) ) can be decomposed into tchannel M t s and u-channel terms M u s . We will just give the expressions of t-channel, and u-channel can be obtained from t-channel, changing t into u and exchanging all indices and arguments of the incoming photons. The amplitude M t s can be expressed as:
where the quark electric charge Q c = Q t = 2/3, α = 1/137.04 and Σ(p) is defined as
where i and j, k are generations of leptons and quarks respectively, C R = 2.
3. The amplitude from vertex diagrams.
The amplitudes from vertex diagrams can be expressed as:
where Q t = Q c = 2/3, and e 2 = 4πα. The γtc vertex functions are composed of contributions from Fig.1.(b) .
The box term can be obtained in a similar way from Fig.1.(c) ; however, it is very complex, so we do not express them here. For a hint of its structure, compare with
Ref. [20] 
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